GaInP nanofibers were formed on n-Si substrates by electrospinning method, using constant voltage (25 kV), height (6 cm), and flow rate (0.3 ml/h) during various process times (of 10, 20, 25 minutes). Characterization of the prepared samples was performed by X-ray diffraction, differential scanning calorimetry/thermal gravimetric analysis, scanning electron microscopy, and energy dispersive X-ray spectrometry. Furthermore, the currentvoltage measurements of the GaInP/n-Si samples have been carried out. The obtained results show that I − V characteristics of all GaInP/n-Si samples fabricated with three thicknesses of GaInP layers are rather in a good agreement with the theory and that they exhibit rectifying properties.
Introduction
Electrospinning technique has received a great attention due to its low cost and ability to produce nanofibers with diameters ranging from a few microns to nanometers and due to their large surface area to volume ratio [1] [2] [3] [4] . Electronic, optical, electrical, and mechanical properties of such fibers can be easily modified [5, 6] . Thus, nanofibers fabricated by electrospinning technique, have attracted considerable interest, to be used in many important applications, such as various sensors, solar cells, and photocatalytic devices [5] [6] [7] [8] [9] [10] [11] [12] [13] .
The ternary GaInP alloys are used very often for the fabrication of the tandem solar cells, lasers, LEDs and HEMTs, since their lattice matches that of GaAs. On the other hand, these alloys have a rather large, direct band gap of 1.88 eV. Because of this, they exhibit some merits due to the defect centers, which cause a decrease of the conductivity [10, 14, 15] . GaInP/Si junctions are good candidates for tunneling junctions in multijunction cells and LEDs [10] [11] [12] [13] [14] [15] [16] .
In this study, we investigate the morphological and structural properties of GaInP nanofibers deposited on n-Si, with three different thicknesses, by using electrospinning technique. Furthermore, we have conducted the current-voltage (I − V ) measurements and discuss the electrical properties of InGaP/n-Si hetero junction diode.
Experimental
In this study, we have prepared a solution of Ga 0.50 In 0.50 P using three different materials: 11.48 g * corresponding author; e-mail: cicekn@gmail.com of trimethylgallium (TMGa) and 15.99 g of trimethylindium (TMIn), in the form of gas and 18 g of tertiarybutylphosphine (TBP) in the form of liquid.
First, we put 15.99 g of trimethylindium (TMIn) into the distillation flask and then we injected the other two gas materials into this flask and closed the inlets. Then, we mixed these materials by stirring with a magnetic mixer for 0.5 h to obtain a homogeneous solution. We took then 10 ml of the solution and put it in a beaker. After this, we dissolved 1 g of PVP in 10 ml of ethanol. Then, we poured 10 ml of the first solution in the solution prepared with PVP, mixed them vigorously using magnetic mixer at room temperature for 10 minutes and obtained the solution that was used to fabricate the Ga 0.50 In 0.50 P nanofibers.
The electrospinning apparatus used in this experiment consists of a plastic syringe, equipped with a needle (22 gauge), a syringe pump (Top Syringe Pump Top-5300), a high voltage power supply (Gamma High Voltage ES30) and a grounded collector (aluminium foil and n-type silicon wafers with resistivity value of 1−10 Ω cm). The needle was connected to a high-voltage supply and the solution was fed at a constant rate of 0.3 ml/h, using the syringe pump.
n-Si substrate was placed on a grounded collector 6 cm below the tip of the needle ( Fig. 1 ) to collect the produced nanofibers. Then, the nanofibers were fabricated by applying an electric field of 25 kV and finally, the obtained nanofibers were annealed at 500
• C. The morphology and average fiber diameters of produced GaInP nanofibers were observed under SEM (Leo 1430 VP). XRD measurements were performed for crystal phase identification of the samples, using XRD (Bruker D8 Advance) with Cu K α radiation (λ = 1.5418 Å) at 40 kV and 40 mA. The thermal properties of the electrospun GaInP nanofibers were characterized by TG-DSC (Netzsch STA449F3) at a heating rate of 20
• C/min in N 2 atmosphere. Current-voltage (I−V ) measurements were carried out using Keithley 2400 source meter in darkness.
Results and discussion
It is vital to know at which temperatures the crystallization of GaInP nanofibers and the removal of PVP and volatile solvents start. For this purpose, DSC/TG analysis was used to identify the optimal initial temperature for the calcination process. The thermal behavior of mixture as-electrospun GaInP/PVP is shown in Fig. 2 . The TG curves show two distinct stages of weight loss. As seen from Fig. 2 , the DSC curve shows that an endothermic reaction peak at 95
• C occurs due to the removal of residual water in the structure [17] . As can be seen from the TG curve in Fig. 2 , the water retention has caused about 20% of weight loss. Thermal decomposition of the PVP begins at temperatures higher than 300
• C in air, under atmospheric pressure, and during this time interval all PVP is removed. This shows that an exothermic reaction occurs at this temperature, in accordance with literature. The removal of PVP corresponds to a weight loss of about 54%, as shown in the TG curve (Fig. 2) [7, 17, 18] .
Above 450
• C, no distinctive weight loss was observed. This shows that an exothermic reaction occurs at this temperature (450 • C), in accordance with literature [17, 18] . The second top point appears at 500
• C, showing the second exothermic reaction, indicating that there is a reaction between gallium, indium and phosphorus [19] . As seen from Fig. 2 , TG curve shows weight losses of the sample with temperature and confirms the results obtained from DSC measurement. As seen from Fig. 2 , the weight loss is in the range of more than 75%. Heat treatment temperature was chosen as 500
• C, which corresponds to the end of the exothermic reaction.
SEM images of the GaInP nanofibers formed on n-Si substrates at different process times (10, 20 , and 25 minutes) are given in Fig. 3a-c, respectively . As can be seen from Fig. 3a-c , the homogeneity of the fiber diameters increases with increasing process time, as the bead formation and diameters decrease with increasing process time. The presence of Ga, In, and P in the fibers is confirmed in Fig. 4 by elemental mapping, obtained using energy dispersive X-ray (EDX) analysis. Figure 4 shows EDX analysis of GaInP nanofibers. Chemical composition of the fabricated nanofibers is reliable. Carbon and oxygen elements originate from polymer solvents and aluminum signal originates from the aluminum collector plate. Figure 5 shows the XRD patterns of pure GaInP (black), of gallium indium oxide (red), indium oxide (blue) and gallium phosphate (green), which suggest that our film is polycrystalline. The results are in a good agreement with literature [20] [21] [22] .
The current-voltage (I − V ) measurements of the GaInP/n-Si heterostructures were conducted at room temperature using contacts made with Ag paste. Figure 6 shows I − V characteristics of GaInP/n-Si heterostructures for various times of deposition of the nanofibers on the substrates. The labels of GaInP10, GaInP20, GaInP25 represent the nanofiber films deposited for 10, 20 and 25 minutes, respectively. The label "Ref." represents Ag paste on n-Si without GaInP nanofiber film. As can be seen in Fig. 6 , GaInP/n-Si heterostructures exhibit rectifying behavior and the threshold voltage changes depending on the deposition time. As the deposition time increases, the thickness of GaInP nanofiber films on n-Si increases and GaInP transforms from thin-film into the bulk structure. Thus the threshold voltage of GaInP/n-Si heterostructures decreases with increasing deposition time. 
Conclusions
GaInP nanofibers were deposited on Si substrates by electrospinning method and the samples were annealed at 500
• C. The morphology, structural, surface and electrical properties of nanofibers were studied and the following results were obtained:
• While the morphologies of the nanofibers for the process times of 10 and 20 minutes are similar, the nanofibers produced during the process time of 25 minutes have become more homogeneous and less beaded. The increase in the process time causes a decrease in the nanopore diameters.
• Chemical compositions of the samples determined by XRD are as expected.
• I − V measurements have shown that there is a change in the electrical properties of the structures with the increasing thickness of the nanofiber layer, formed on the substrates. This result shows that the traps depths become smaller. This means that photons of solar spectrum, with smaller energies, are also going to produce free electrons. Thus, this result is very important for the research of photovoltaic cells.
